Objective: To determine reference values for body mass index (BMI), sum of six skinfolds ( P 6 skinfolds) and body fat percentage (BF%) in Spanish adolescents aged 13-18 years, included in the AVENA Study (Alimentació n y Valoració n del Estado Nutricional en Adolescentes: Food and Assessment of the Nutritional Status of Adolescents). Design: Multicentre cross-sectional study. Setting: Representative sample of Spanish adolescents. Subjects: The population was selected by means of a multiplestep, simple random sampling. The final number of subjects included in the AVENA Study was 2859 adolescents; 2160 adolescents had a complete set of anthropometric measurements and were then included in this study (1109 males and 1051 females). Interventions: Weight, height and six skinfold thicknesses were measured. As indices of total adiposity, we calculated BMI, P 6 skinfolds and BF% with the formulas described by Slaughter et al.
Introduction
Determination of fat and fat-free mass is of considerable interest in the evaluation of nutritional status. Both overand under-nutrition contribute to increased mortality and morbidity. The burden of nutritional problems is shifting from energy imbalance deficiency to excess among children and adolescents (Wang et al., 2002) . However, in developed countries other forms of malnutrition, that is, anorexia nervosa, are also increasing (Nova et al., 2002) .
Evaluating obesity in children and adolescents is important. Ideally this evaluation should be made using direct measures such as DXA or underwater weighing, but these techniques require sophisticated laboratory settings and are limited because of the required performance of the participants. Consequently, in clinical settings and epidemiological studies, other measurements are used, including skinfold thickness measures and bioelectrical impedance. The most common estimate of excess or deficit in body adiposity is the body mass index (BMI).
Adolescence is a decisive period in human life due to the multiple changes that take place between childhood and adulthood. Adolescence is characterized by a global acceleration of growth and maturation, with differential changes between both sexes. The amount of fat mass in adolescent girls is usually higher than in boys (Rodríguez et al., 2004) . Reliable measurements of body fatness are necessary in epidemiological, clinical and population studies, and in the management of nutrition related diseases during the adolescent period.
Published references values are one of five critical characteristics that a field measure of body composition should have (Mueller et al., 2004) . Published reference values of body composition in adolescents are very scarce, particularly for the assessment of body fat, and this hinders the accurate identification of over-or under-nutrition. Very recently, Mueller et al. (2004) presented reference percentiles for body fat percentage, fat-free mass and fat mass estimated from impedance and body measurements, in US adolescents.
The aim of this study was to determine reference values for BMI, sum of skinfolds and body fat percentage in Spanish adolescents aged 13-18 years, included in the AVENA Study (Alimentació n y Valoració n del Estado Nutricional en Adolescentes: Food and Assessment of the Nutritional Status of Adolescents), a multicentre cross-sectional study conducted in a representative sample of Spanish adolescents.
Methods

Population
The complete methodology of the study was described elsewhere . Briefly, the multicentre study was performed on Spanish adolescents aged 13-18.5 years. The population was selected by means of a multiplestep, simple random sampling, taking into account first the location (Granada, Madrid, Santander, Zaragoza and Murcia) and then by random assignment of the schools within each city. Sample size was stratified by age and sex. The socio-economic variable was considered to be associated to geographical location and type of school. As the selection of schools was done by random selection and fulfilling quota, this variable was also considered to be randomly assigned.
To calculate the number of adolescents to be included in the study in order to guarantee a representative sample of the whole country, we selected the variable with the greatest variance for this age group from the data published in the literature at the time the study was planned; that was BMI (Moreno et al., 1997) . The sampling was determined for the distribution of this variable; the CI was established at 95% with an error 70.25. The established number of subjects was 2100. The total number of subjects was uniformly distributed in the five cities and proportionally distributed by sex and age group (13,14,15,16,17 þ ) .
The sample was oversized in order to prevent loss of information and because technically it was necessary to do the fieldwork in complete classrooms. After finishing the field study, the subjects who did not fulfil the inclusion criteria were excluded. Finally, the sample was adjusted by a weight factor in order to balance the sample in accordance to the distribution of the Spanish population and to guarantee the real representativeness of each of the groups, already defined by the previously-mentioned factors (age and sex). The final number of subjects included in the AVENA Study was 2859 adolescents. In all, 2160 adolescents had a complete set of anthropometric measurements and were then included in this study (1109 males and 1051 females). The number of adolescents in each age group is shown in In each school all the adolescents of one classroom were proposed to participate in the survey. A letter about the nature and purpose of the study informed parents or children supervisors. After receiving their written consent, the children were considered for inclusion in the study. Exclusion criteria were: type 2 diabetes, pregnancy, alcohol or drug abuse and nondirectly-related nutritional medical conditions. The protocol was approved by the Review Committee for Research Involving Human Subjects of the Hospital Universitario Marqués de Valdecilla (Santander, Spain).
The socio-economic status was assessed by means of the educational level and the type of occupation of the father. According to this information adolescents were classified into five categories: Low, medium-low, medium, mediumhigh and high socio-economic status. In the sample included in this study, 5.1% adolescents were from low socio-economic class, 17.4% from medium-low, 25.0% from medium, 17.3% from medium-high, and 4.9% from high socioeconomic status class.
Anthropometric method
Two anthropometrists in each city performed all the measurements; one measured weight, height and circumferences and the other one, skinfolds . BMI was calculated as body weight (kg) without shoes and with light clothing, divided by height (m) squared. Body weight was measured to 0.05 kg using a standard beam balance.
Skinfold thicknesses were measured at the left side of the body (Moreno et al., 2002) to the nearest 0.1 mm using a Holtain skinfold caliper, at the following sites: (1) triceps, halfway between the acromion process and the olecranon process; (2) biceps, at the same level as the triceps skinfold, directly above the centre of the cubital fossa; (3) subscapular, about 20 mm below the tip of the scapula, at an angle of 451 to the lateral side of the body; (4) suprailiac, about 20 mm above the iliac crest and 20 mm towards the medial line; (5) thigh, in the midline of the anterior aspect of the thigh, midway between the inguinal crease and the proximal border of the patella; (6) calf, at the level of maximum calf circumference, on the medial aspect of the calf . Intraobserver reliability for skinfold thickness was higher than 95% for almost all the cases; interobserver reliability for skinfold thickness ranged from 83.05 for biceps skinfold to 96.38 for calf skinfold .
The complete set of anthropometric measurements was performed three times, but not consecutively; we measured all the anthropometric variables in order, and then we repeated the same measurements two more times. For calculations mean values were obtained from the three measurements.
As an index of total adiposity, we calculated the sum of the six measured skinfold thicknesses ( P 6 skinfolds). Body fat percentage (BF%) was also calculated by the formulas described by Slaughter et al. (1988) . These equations showed the best agreement with total body fat percentage measured by DXA in those adolescents from Zaragoza (Spain) included in the AVENA Study (Rodríguez et al., in press ).
Statistical analysis
All the variables were described as mean and s.d. Differences between both sexes in each age group were assessed by means of the Mann-Whitney U test. Differences between age groups in each sex, were assessed by means of the KruskalWallis test. Centile values were calculated and centile curves were fitted to the data using Cole's LMS method (Cole et al., 1998) . Briefly, this assumes that the data can be transformed to normality by a suitable power transformation (L), and the distribution is then summarized by the median (M) and coefficient of variation (S). The values of L, M and S are constrained to change smoothly with age, and the fitted values can be used to construct any required centile curves.
Results
Mean BMI, P 6 skinfolds and BF% values in both males and females are shown in Table 1 . P 6 skinfolds and BF% in each age group were significantly higher in females than in males; BMI showed a significant pattern depending on the age group. In males, BMI ranged from 20.61 to 22.91 kg/m 2 ; in females, BMI ranged from 21.33 at 14.5 years to 21.72 kg/m 2 at 17.5 years. BF% ranged in males from 18.28 at 16.5 years to 20.79 at 13.5 years; in females, the range was between 24.89 at 15.5 years and 26.30 at 17.5 years. In males, age showed a significant effect for BMI, P 6 skinfolds and BF%; however, in females, the effect was only significant for BF%.
Smoothed and weighed age-and sex-specific BMI, P 6 skinfolds and BF% percentile values for male and female adolescents are shown in Table 2 . Smoothed LMS curves for the 5th, 10th, 25th, 50th, 75th, 90th and 95th percentiles of BMI, P 6 skinfolds and BF% for (a) boys and (b) girls, are shown in Figures 1-3 
Discussion
This study show for the first time smoothed reference data for body fat composition indices for Spanish adolescents 13-18 years. For this purpose and because AVENA is a large epidemiological study, we used anthropometric measurements. Data on DXA measurements were obtained in the Zaragoza's cohort (Rodríguez et al., 2004) . The studied sample is representative of the real situation in Spain, with a prevalence of overweight, including obesity, of 25.69% in boys and 19.13% in girls (Moreno et al., 2005) . Selecting a single best or most accurate measure of obesity is difficult. No measure optimally describes obesity in all age-sex-race groups because of differences in bone density, muscle and adipose tissue. The BMI is easy to measure and calculate, but it includes measures of bone mass and fat free mass, as well as fat mass. The statures and weights of children and adolescents are easily and reliably obtained in a wide variety of clinical settings. As such, the BMI is often used to determine overweight and obesity, usually by comparison of individuals to age-and sex-specific percentiles from a reference population. There are well known limitations regarding the use of BMI (Wang, 2004) .
Although growth involves the deposition of both fat mass and fat-free mass, it is generally described only in terms of body mass. The major shortcoming of the body mass indices is that the actual composition of the body is not taken into account: the excess body mass may be made up of fat mass or fat-free mass, both of which will be judged as excess mass. On the other hand, a deficit of the body mass may be due to a fat-free mass deficit or mobilization of fat mass, or both combined (Heber et al., 1996) . In terms of body composition, it has been observed that, in each sex, annual increases in BMI were driven primarily by increases in fat free mass/ stature 2 until late adolescence, with increases in total body fat/stature 2 contributing to a larger proportion of the BMI increases in girls than in boys (Maynard et al., 2001) . In a group of 280 adolescents from Zaragoza, we measured BF% by DXA (Rodríguez et al., 2004) ; obesity status was defined by IOTF cutoff values (Cole et al., 2000) , and subjects were therefore classified into three groups: normal-weight, overweight and obese. The 85th percentile of the BF% distribution in each gender was considered as cutoff point for excess adiposity. In total, 94% of males and 84% of females with high adiposity were correctly identified by BMI (sensitivity), and 88% of males and 93% of females without high adiposity were also correctly classified (specificity). Therefore, BMI cutoffs seemed to be a good criterion for the screening of excess body fat in adolescents; however an important percentage of subjects classified as overweight or obese did not have really excess adiposity.
Skinfold thicknessess measure subcutaneous fat at one or more sites to characterize total adiposity; they are restricted to the selected sites and do not measure internal fat. In 1967, Durnin and Rahaman (1967) already reported equations for the assessment of BF% from skinfold thickness measurements in British adolescents. Another field method to assess body fat percentage is bioelectrical impedance. Mast et al. (2002) observed considerable inconsistencies between BF% assessed either by anthropometry or bioelectrical impedance analysis; and they recommended the use of an interchange table of BF% derived from different algorithms for different percentile groups of skinfold thicknesses.
In order to assess the BF% in the adolescent population, the equations of Slaughter et al. (1988) , have been reported to be superior to other skinfold-based equations (Wong et al., 2000; Rodríguez et al., in press ). We observed that in male adolescents, Slaughter et al. (1988) equations showed relative biases that were not dependent on body fatness and the limits of agreement were narrower than those obtained from the rest of existing equations. In females, Brook's (1971) equation showed nonsignificant differences against DXA and the narrowest 95% limits of agreement; only biases from the Brook (1971) and Slaughter et al. (1988) equations were not dependent on body fatness in female adolescents.
The definition of excess body fat is somewhat arbitrary even if total body fat mass percentage is known. Nowadays, there is no consensus about BF% cutoffs for obesity in adolescents. The most consistent BF% values for definition of excess body fat in female adolescents range between 30 and 35%. BF% cutoffs for excess body fat in males are 25 and 30% for adolescents aged 10-15 years and between 20 and 25% when subjects up to the age of 18 years are considered (Weststrate and Deurenberg, 1989; Sardinha et al., 1999; Taylor et al., 2002 Taylor et al., , 2003 . Morrison et al. (2001) reported BF% values obtained with the same equations, in females aged 9-19 years; when compared with our girls, BF% values were higher in American children, except for white females at the age of 13 years. Mueller et al. (2004) used quantile regression models or minimum absolute deviation models for the assessment of BF% percentile values; showing that all female percentile values were similar in American and in Spanish adolescents of the same age group; however, the highest percentiles in males Spanish adolescents were higher than the American ones (percentiles 5 and 50 were very similar in both populations). This finding can be due to the different method used to calculate percentile values, but also to the real situation of the two populations. We have previously shown that the increase in BMI levels in our population is mainly due to the increase in the upper levels of the BMI distribution, pointing that those susceptible individuals, are more and more obese (Moreno et al., 2000) . A similar observation has very recently been done in Spanish children and adolescents (Carrascosa et al., 2004) .
The main limitation of this study is related with its design. Body composition reference values in growing children and adolescents should be obtained in longitudinal studies that give the possibility to assess natural changes in individual growth and development.
In this study, we present reference data for body fat composition giving the possibility to assess not only excess body fat, but also low levels of this body compartment. Except for the tendency to higher values in the top percentiles in males, our data are similar to those recently obtained in American adolescents by Mueller et al. (2004) . The presented percentile values will help us to classify adolescents in comparison with a well-established reference population, and to estimate the proportion of adolescents with high or low adiposity amounts.
